Increase in Plasma Density by Capacitance Termination of Discharge Antenna in Inductive RF Negative Ion Sources by K. "Nakamura et al.
§24. Increase in Plasma Density by 
Capacitance Termination of Discharge 
Antenna in Inductive RF Negative Ion 
Sources 
Nakamura, K., Tanaka, M*, Sugai, H.* (Chubu Univer-
sity, *Nagoya University), Takeiri, Y. 
In a negative ion source for neutral beam 
injection (NBI) of nuclear fusion devices, a hot 
cathode DC discharge has been widely used. 
I nstead of the DC discharge, a RF inductive 
discharge has been recently studied because of no 
usage of filaments which limit the lifetime of the 
ion source. In the inductive discharge, the plasma 
is mainly produced with electromagnetic 
(inductive) coupling, however, there are 
sitTIultaneously capacitive coupling, and negative 
self bias appears on the insulated discharge 
antenna. Such a capacitive coupling reduces the 
plastna production efficiency because of large 
power loss by ions. In this study , suppression of 
the capacitive coupling based on capacitance 
tern1ination 'of the dischan.!e antenna is 
demonstrated to be effective for i~crease in plasma 
density in the RF negative ion source ofNIFS. 
In a stainless steel vacuum vessel, 30 cm x 30 
cm in crosssection and 20 cm in depth, a hydrogen 
plasma is generated by supplying 2 MHzRF powers 
through an insulated antenna. As shown in Fig. 1, 
the antenna conductor is electrically floated by 
two series-connected blocking capacitors (C , and 
C,,). The capacitance C" terminates the antenna to 
th-e ground through a-residual inductance Lr of 
~ 1.6f1 H. The discharge is turned on during 200 
I11S with the period of 10 s. The antenna voltages 
VI and V 2 are nleasured by a 1: 1000 high voltage 
di vider, and plasma parameters such as electron 
density and electron temperature are also measured 
by Langmuir probe. 
Figure 2 shows the electron density 1\ and the 
electron temperature Te as a function of the 
discharge power P for C,, = 1333 pF and 5000 pF. 
The electron density forC~=5000 pF is much higher 
that of C 2= 1333 pF approximately by one order 
of magnitude for the all n1easure discharge power. 
The electron temperature increases with the 
discharge power for the both cases, ho\vever the 
increase in the temperature is more significant for 
C 2= 1333 pF. The antenna voltage measurement 
revealed that the impedance of the residual 
inductance Lr is compensated by that of C 2 , and 
that an averaged antenna voltage defined as 
(V,+V2 )12 is min imized at C 2:::::5000 pF. This result 
demonstrates that the reduction of electrostatic 
coupling between the plasma and the antenna by 
the present capaci tance termi nati on enabl es us to 
increase the plasma dens ity. 
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Fig. 2 Electron density nc and temperature Tc 
as a function of discharge power P. 
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